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FIG.7
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MAGNETIC RESONANCE IMAGING
APPARATUS AND MEDICAL IMAGE
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of

priority from Japanese Patent Application No. 2014-236035,
filed on Nov. 20, 2014: the entire contents of which are

incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a mag-
netic resonance 1maging apparatus.

BACKGROUND

Magnetic resonance imaging (MRI) 1s an imaging method
of magnetically exciting nuclear spin of a subject placed 1n
a static magnetic field with radio frequency (RF) pulses at
the Larmor frequency, and reconstructing an image from a
nuclear magnetic resonance (NMR) signal generated
according to the excitation.

For example, a standardized protocol has been determined
for a cardiac testing method with the MRI. In the standard-
1zed protocol, for example, determined i1s a procedure of
collecting a multi-slice image (axial multi-slice) including a
plurality of transverse sections after collecting a transverse
cross-sectional 1mage (axial), a sagittal cross-sectional
image (sagittal), and a coronal cross-sectional 1mage (coro-
nal) that are called a scout 1image (scout) or a locator image
(locator), and thereatter, collecting a reference cross-sec-
tional 1image.

The reference cross-sectional 1image 1s a cross-sectional
image based on anatomical features of the heart, and
examples of the reference cross-sectional 1mage include a
left ventricular vertical long-axis 1image, a left ventricular
horizontal long-axis image, a left/right ventricular short-axis
image, a left/right ventricular 2-chamber long-axis image, a
left/right ventricular 3-chamber long-axis image, a left/right
ventricular 4-chamber long-axis image, a left/right ventricu-
lar outflow tract image, an aorta valve image, and a pulmo-
nary valve image. A method of setting the reference cross-
sectional 1mage 1s determined for various targets such as a
brain, a shoulder, and a knee.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram illustrating an MRI
apparatus according to a first embodiment;

FIG. 2 1s a diagram 1illustrating an example of a plurality
ol reference cross-sectional 1images displayed in a display
region of a display unit according to the first embodiment;

FIG. 3 1s a diagram for explaining an example of a case
in which, when a position of a characteristic portion 1s
changed 1n a certain reference cross-sectional image, a
sectional position of another reference cross-sectional 1mage
1s changed 1n the first embodiment;

FIG. 4 1s a diagram for explaining an example of a case
in which the reference cross-sectional 1image 1s emphasized
according to the first embodiment;

FIG. 5 1s a functional block diagram illustrating an
example of a control unit according to the first embodiment;

FIG. 6 1s a flowchart illustrating a processing procedure
according to the first embodiment;
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2

FIG. 7 1s a diagram illustrating an example of a data
structure of a sectional position definition information table
according to the first embodiment;

FIG. 8 1s a diagram 1illustrating another example of a
method of emphasizing the reference cross-sectional 1image
according to the first embodiment;

FIG. 9 1s a diagram 1llustrating another example of the
method of emphasizing the reference cross-sectional 1image
according to the first embodiment;

FIG. 10 1s a diagram for explaimning an example of
processing performed by a display control unit when a
process returns to Step S6 again 1 a first modification of the
first embodiment:

FIG. 11 1s a diagram for explaining an example of the
processing performed by the display control unit when the
process returns to Step S6 again in the first modification of
the first embodiment;

FIG. 12 1s a diagram for explaining an example of
processing performed by an MRI apparatus according to a
second modification of the first embodiment:

FIG. 13 1s a diagram for explaimning an example of
processing performed by an MRI apparatus according to a
second embodiment;

FIG. 14 1s a diagram for explaining an example of
processing performed by an MRI apparatus according to a
third embodiment:

FIG. 15 1s a diagram for explaining an example of a
method of setting various reference cross sections when a
“knee” 1s set to be a target portion according to the embodi-
ment;

FIG. 16 1s a diagram for explaining an example of the
method of setting various reference cross sections when the
“knee” 1s set to be the target portion according to the
embodiment;

FIG. 17 1s a diagram for explaming an example of the
method of setting various reference cross sections when the
“knee” 1s set to be the target portion according to the
embodiment; and

FIG. 18 1s a diagram for explaining an example of a case
in which the reference cross-sectional 1image 1s emphasized
when a crossing line according to the embodiment 1s des-
ignated.

DETAILED DESCRIPTION

A magnetic resonance 1imaging apparatus according to an
embodiment includes processing circuitry. The processing
circuitry generates a plurality of cross-sectional images for
setting a sectional position to be collected in main 1maging,
based on a characteristic portion of a target detected in
three-dimensional data. The processing circuitry lists the
cross-sectional 1mages on a display and superimposes a
mark corresponding to the characteristic portion on at least
one of the cross-sectional images. The processing circuitry
receives a setting operation to determine the sectional posi-
tion. The processing circuitry causes, when the mark 1s
selected 1n the setting operation, a cross-sectional 1mage to
be emphasized a sectional position of which 1s defined using
the characteristic portion corresponding to the mark among
the listed cross-sectional images. The processing circuitry
performs main 1maging based on the sectional position after
the setting operation.

The following describes the magnetic resonance imaging,
apparatus (hereinaiter, appropnately referred to as a “mag-
netic resonance imaging (MRI) apparatus™) according to the
embodiment with reference to the drawings. The embodi-
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ment 1s not limited to the following embodiments. The
description 1n each embodiment can also be applied to other

embodiments 1n principle.

First Embodiment

FIG. 1 1s a functional block diagram illustrating an MRI
apparatus 100 according to a first embodiment. As illustrated
in FIG. 1, the MRI apparatus 100 includes a static magnetic
field magnet 1, a gradient coil 2, a gradient magnetic field
power supply 3, a couch 4, a couch control unit 5, a
transmission coil 6, a transmission unit 7, a reception coil 8,
a reception unit 9, a sequence control unit 10, and a
calculator 20. The MRI apparatus 100 does not include a
subject P (for example, a human body) 1llustrated 1n a frame
of a dotted line 1n FIG. 1. The MRI apparatus 100 illustrated
in FIG. 1 1s merely an example. For example, the sequence
control unit 10 and components 1n the calculator 20 may be
configured to be appropriately integrated or separated.

The static magnetic field magnet 1 1s a magnet formed to
have a hollow cylindrical shape (including a shape having an
clliptic cross section that 1s orthogonal to an axis of a
cylinder), and generates a static magnetic field 1n a space
inside thereof. The static magnetic field magnet 1 1s, for
example, a permanent magnet. The static magnetic field
magnet 1 may also be a superconducting magnet. When the
static magnetic field magnet 1 1s the superconducting mag-
net, the MRI apparatus 100 includes a static magnetic field
power supply (not illustrated), and the static magnetic field
power supply supplies electric current to the static magnetic
field magnet 1. In this case, the static magnetic ficld magnet
1 receives the electric current supplied from the static
magnetic field power supply to be excited. The static mag-
netic field power supply may be provided separately from
the MRI apparatus 100.

The gradient coil 2 1s a coil formed to have a hollow
cylindrical shape (including a shape having an elliptic cross
section that 1s orthogonal to an axis of a cylinder), and 1s
arranged inside the static magnetic field magnet 1. The
gradient coil 2 1s formed by combining three coils corre-
sponding to axes of X, Y, and Z orthogonal to each other.
The three coils individually receive the electric current
supplied from the gradient magnetic field power supply 3
and generate a gradient magnetic field 1n which magnetic
field intensity varies along each of the axes of X, Y, and Z.
Examples of gradient magnetic fields along the axes of X, Y,
and 7 generated by the gradient coil 2 include a gradient
magnetic field Gs for slicing, a gradient magnetic field Ge
for phase encoding, and a gradient magnetic field Gr for
reading. The gradient magnetic field power supply 3 sup-
plies the electric current to the gradient coil 2.

The couch 4 includes a couchtop 4a on which the subject
P 1s placed. Under the control of the couch control unit 5, the
couchtop 4a 1s 1nserted mto a cavity (imaging port) of the
gradient coil 2 1n a state 1n which the subject P 1s placed
thereon. Typically, the couch 4 1s arranged so that the
longitudinal direction thereof 1s parallel with the center axis
of the static magnetic field magnet 1. Under the control of
the calculator 20, the couch control unit 5 drives the couch
4 to move the couchtop 4a 1n the longitudinal direction and
the vertical direction.

The transmission coil 6 1s arranged 1nside the gradient coil
2, recerves RFE pulses supplied from the transmission unit 7,
and generates a high-frequency magnetic field. The trans-
mission unit 7 supplies, to the transmission coil 6, the RF
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4

pulses corresponding to the Larmor frequency determined
from magnetic field intensity and a type of an atom as the
target.

The reception coil 8 1s arranged inside the gradient coil 2,
and receives a magnetic resonance signal (hereimafter,
approprately referred to as an “MR signal™) generated from
the subject P due to an influence of the high-frequency
magnetic field. After receiving the MR signal, the reception
coil 8 outputs the received MR signal to the reception unit
9.

The transmission coil 6 and the reception coil 8 described
above are merely an example. The coil may be configured by
combining one or more of a coil having only a transmission
function, a coil having only a reception function, and a coil
having transmission and reception functions.

The reception unit 9 detects the MR signal output from the
reception coil 8, and generates MR data based on the
detected MR signal. Specifically, the reception unit 9 digi-
tally converts the MR signal output from the reception coil
8 to generate the MR data. The reception unit 9 then
transmits the generated MR data to the sequence control unit
10. The reception unit 9 may be provided to a platform
device including the static magnetic field magnet 1, the
gradient coil 2, and the like.

The sequence control unit 10 drives the gradient magnetic
field power supply 3, the transmission unit 7, and the
reception unit 9 to perform 1maging of the subject P based
on sequence information transmitted from the calculator 20.
In this case, the sequence information 1s information for
defining a procedure of performing imaging. The sequence
information defines intensity of the electric current supplied
from the gradient magnetic field power supply 3 to the
gradient coil 2, timing for supplying the electric current,
intensity of the RF pulses supplied from the transmission
unit 7 to the transmission coil 6, timing for applying the RF
pulses, timing for detecting the MR signal by the reception
unmit 9, and the like. Examples of the sequence control umit
10 include an integrated circuit such as an application
specific mtegrated circuit (ASIC) and a field programmable
gate array (FPGA), and an electronic circuit such as a central
processing unit (CPU) and a micro processing unit (MPU).

After receiving the MR data from the reception unit 9 as
a result of imaging the subject P by driving the gradient
magnetic field power supply 3, the transmission umt 7, and
the reception unit 9, the sequence control unit 10 transiers
the received MR data to the calculator 20.

The calculator 20 performs overall control of the MRI
apparatus 100 and generates an 1mage, for example. The
calculator 20 includes an interface unit 21, an 1mage gen-
eration unit 22, a storage unit 23, an input unit 24, a display
unit 25, and a control unit 26.

The mterface unit 21 transmits the sequence mformation
to the sequence control unit 10, and receives the MR data
from the sequence control umt 10. When receiving the MR
data, the interface unit 21 causes the recetved MR data to be
stored 1n the storage unit 23. The MR data stored in the
storage unit 23 1s arranged 1n a k-space by the control unit
26. As a result, the storage unit 23 stores therein k-space
data.

The 1image generation unit 22 reads out the k-space data
from the storage unit 23, and performs reconstruction pro-
cessing such as Fourier transformation on the read-out
k-space data to generate the 1image.

The storage unit 23 stores therein the MR data received by
the interface unit 21, the k-space data arranged in the
k-space by the control unit 26, image data generated by the
image generation unit 22, and the like. The storage unit 23
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also stores therein a sectional position definition information
table 23a. The sectional position definition information table
23a will be described later. Examples of the storage unit 23
include a semiconductor memory element such as a random
access memory (RAM) and a flash memory, a hard disk, and
an optical disc.

The 1mput unit 24 recerves various instructions and infor-
mation input from an operator. Examples of the input unit 24
include a pointing device such as a mouse and a trackball,
and an input device such as a keyboard. Under the control
of the control unit 26, the display unit 25 displays various
graphical user interfaces (GUIs), the image generated by the
image generation unit 22, and the like. Examples of the
display unit 235 include a display device for various displays
such as a liquid crystal display.

The control unit 26 performs overall control of the MRI
apparatus 100, and controls imaging, generation of the
image, display of the image, and the like. For example, the
control unit 26 receives an 1maging condition mmput on the
GUI, generates the sequence mformation according to the
received 1maging condition, and transmits the generated
sequence 1nformation to the sequence control unit 10.
Examples of the control unit 26 include an integrated circuit
such as the ASIC and the FPGA, and an electronic circuit
such as the CPU and the MPU. As described later, the
control umt 26 includes components for causing a user to
casily change the sectional position of the reference cross-
sectional 1mage.

The following describes an outline of processing per-
formed by the MRI apparatus 100 according to the first
embodiment. For example, the MRI apparatus 100 collects
a multi-slice image 1n preparation scanning before collecting
the reference cross-sectional 1image in 1maging scanning,
causes the multi-slice 1mage to be stored 1n the storage unit
23, and automatically detects sectional positions of a plu-
rality of reference cross-sectional images from the multi-
slice 1mage. More specifically, the MRI apparatus 100
automatically detects a characteristic portion related to a
target portion (target) from the multi-slice 1image, and auto-
matically detects the sectional position by calculating the
sectional position using the position of the characteristic
portion that 1s automatically detected. That 1s, the sectional
position 1s defined based on the position of the characteristic
portion. The imaging scanning 1s, for example, 1maging for
collecting 1mages to be mainly used for diagnosis (also
referred to as “main 1maging”’, for example), and the prepa-
ration scanning 1s, for example, 1imaging that 1s typically
performed before the imaging scanning (also referred to as
“preparation 1maging’, for example).

The multi-slice image 1s data including a plurality of slice
images collected 1n a 2D sequence. The multi-slice image 1s
an example of three-dimensional data. In place of the
multi-slice 1mage, volume data collected 1n a 3D sequence
can be used. The 2D sequence herein means a pulse
sequence for collecting a two-dimensional cross-sectional
image by performing encoding in a phase encoding direction
and a read-out direction for one or more positions along a
slice direction. The 3D sequence means a pulse sequence for
collecting three-dimensional volume data by performing
encoding in the slice direction in addition to the phase
encoding direction and the read-out direction. The 2D
sequence and the 3D sequence described above may be a
radial scan sequence for collecting 1n the read-out direction
at various angles.

The MRI apparatus 100 then generates, from the multi-
slice image, the reference cross-sectional image correspond-
ing to the automatically-detected sectional positions. The
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following describes an example of a case in which the
multi-slice 1mage 1s data including the “heart” as the target
portion. The MRI apparatus 100 causes the display unit 25
to display the generated reference cross-sectional 1mages
being arranged side by side. FIG. 2 1s a diagram 1llustrating
an example of the reference cross-sectional images dis-
played 1n a display region of the display unit 25 according
to the first embodiment. For example, as illustrated in the
example of FIG. 2, the MRI apparatus 100 causes a trans-
verse cross-sectional image 80, a left ventricular vertical
long-axis 1image 81, a left ventricular horizontal long-axis
image 82, a left ventricular short-axis image 83, and a right
ventricular short-axis 1image 84 to be displayed from the left
to the right in the first column from the top of the display
region of the display unit 25. The MRI apparatus 100 causes
a left ventricular 4-chamber long-axis 1mage 85, a leit
ventricular 2-chamber long-axis image 86, a leit ventricular
3-chamber long-axis image 87, a left ventricular outtlow
tract image 88, and an aorta valve image 89 to be displayed
from the left to the right 1n the second column from the top
of the display region of the display unit 25. The MRI
apparatus 100 causes a right ventricular 4-chamber long-axis
image 90, a right ventricular 2-chamber long-axis image 91,
a right ventricular 3-chamber long-axis 1mage 92, a right
ventricular outflow tract image 93, and a pulmonary valve
image 94 to be displayed from the left to the right 1n the third
column from the top of the display region of the display unit
25. The images denoted by reference numerals “81” to “94”
are reference cross-sectional images, and the image denoted
by the reference numeral “80” 1s one slice 1image included in
the multi-slice 1mage. Hereinafter, each of the reference
cross-sectional 1images denoted by the reference numerals
“81” to “94” may be simply referred to as the “reference
cross-sectional image”. Hereinaftter, the slice image denoted
by the reference numeral “80” may also be simply referred
to as the “slice image”.

In the example of FIG. 2, marks indicating positions of
characteristic portions of the heart are superimposed on the
slice image 80 and the reference cross-sectional 1images 81
to 94. In the example of FIG. 2, a black quadrangle mark, a
black heart mark, a black star mark, a black triangle mark,
a white quadrangle mark, a white heart mark, a white star
mark, and a white triangle mark 1llustrated 1n the slice image
80 and the reference cross-sectional 1mages 81 to 94 are
information indicating the positions of the characteristic
portions for defining the respective sectional positions of the
slice image 80 and the reference cross-sectional 1images 81
to 94. For example, the black quadrangle mark is the
information indicating the position of a mitral valve of the
heart. The black star mark 1s the information indicating the
position ol a left ventricular apex of the heart. The black
heart mark 1s the information indicating the center position
of a left ventricle (center of the left ventricle), which 1s the
middle point between the positions of the mitral valve and
the left ventricular apex of the heart. The white quadrangle
mark 1s the information indicating the position of a tricuspid
valve of the heart. The white star mark 1s the information
indicating the position of the right ventricular apex of the
heart. The white heart mark 1s the information indicating the
center position of a right ventricle (center of the right
ventricle), which 1s the middle point between the positions
of the tricuspid valve and the right ventricular apex of the
heart. The white triangle mark 1s the information indicating,
the position of a right ventricular outtflow tract of the heart.
These marks are also an example of the mformation 1ndi-
cating the positions of the characteristic portions. In the
example of FIG. 2, all of the reference cross-sectional
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images 81 to 94 include the mark corresponding to the
characteristic portion. However, 1t 1s suflicient that at least
one of the reference cross-sectional images 81 to 94 includes
the mark corresponding to the characteristic portion.

In the example of FIG. 2, for example, the sectional
position of the left ventricular vertical long-axis image 81 1s
a sectional position passing through the position of the
mitral valve and the position of the leit ventricular apex of
the heart, and being parallel with a head-foot direction. That
1s, the sectional position of the left ventricular vertical
long-axis 1mage 81 1s defined based on the position of the
characteristic portion such as the mitral valve and the left
ventricular apex of the heart. In the example of FIG. 2, the
black quadrangle mark indicating the position of the maitral
valve, the black star mark indicating the position of the left
ventricular apex of the heart, and the black heart mark
indicating the position of the center of the left ventricle are
superimposed on the left ventricular vertical long-axis image
81. Similarly, also on the other reference cross-sectional
images 82 to 94 and the slice image 80, the marks indicating
the positions of the characteristic portions that define the
sectional position are superimposed.

In the example of FIG. 2, on each of the reference
cross-sectional 1mages 81 to 94, superimposed 1s a mark of
a crossing line indicating the position at which the sectional
position of the reference cross-sectional 1mage of itself
crosses the sectional position of the other cross-sectional
1mage.

In this case, 1n each of the reference cross-sectional
images 81 to 94, the user can change the position of the
characteristic portion. The following describes an example
of a method of changing the position of the characteristic
portion by the user. For example, in each of the reference
cross-sectional images 81 to 94 displayed on the display unit
235, the user can designate and change the position of the
characteristic portion that defines the sectional position of
the reference cross-sectional image. More specifically, in
cach of the reference cross-sectional 1images 81 to 94, the
user can designate the mark indicating the position of the
characteristic portion that defines the sectional position of
the reference cross-sectional 1mage and change the position
of the designated mark to change the position of the char-
acteristic portion. Designating the mark 1s synonymous with
selecting the mark.

When the position of the characteristic portion 1s changed
in a certain reference cross-sectional image, the sectional
position ol another reference cross-sectional 1mage may be
changed. Such a case will be described with reference to
FIG. 3. FIG. 3 15 a diagram for explaining an example of a
case in which, when the position of the characteristic portion
1s changed 1n a certain reference cross-sectional 1mage, the
sectional position of another reference cross-sectional 1mage
1s changed 1n the first embodiment. In the example of FIG.
3, the user operates a mouse serving as the mput unit 24 to
designate the black quadrangle mark to designate the maitral
valve by clicking the mouse 1n a state in which a pointer 24a
1s set to the black quadrangle mark on the left ventricular
vertical long-axis 1mage 81, and thereafter, moves the
pointer 24a to change the position of the black quadrangle
mark. In this way, when the position of the mark indicating
the position of the maitral valve 1s changed in the left
ventricular vertical long-axis 1image 81, the sectional posi-
tions are changed 1n six reference cross-sectional 1mages
including the left ventricular horizontal long-axis image 82,
the leit ventricular short-axis image 83, the left ventricular
4-chamber long-axis 1image 85, the left ventricular 2-cham-
ber long-axis image 86, the left ventricular 3-chamber
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long-axis 1mage 87, and the right ventricular 4-chamber
long-axis 1mage 90 the sectional positions of which are
defined using the position of the mitral valve, and the six
reference cross-sectional images after the sectional positions
are changed are displayed as illustrated in the example of
FIG. 3. However, 1n this case, the number of the displayed
reference cross-sectional images (in the example of FIG. 3,
the number of the reference cross-sectional 1images 1s “14”)
1s large, so that, when the position of the mark indicating the
position of the mitral valve 1s changed 1n the left ventricular
vertical long-axis image 81, the user cannot easily grasp the
reference cross-sectional 1mage 1n which the sectional posi-
tion 1s changed among the other reference cross-sectional
images 82 to 94.

For this reason, when the mark indicating the position of
the characteristic portion of the target the position of which
1s to be changed 1s designated and the position of the
designated mark 1s changed in a certain reference cross-
sectional 1mage, the MRI apparatus 100 according to the
embodiment causes another reference cross-sectional image
the sectional position of which 1s defined using the charac-
teristic portion the position of which 1s indicated by the mark
the position of which 1s changed to be emphasized as
compared with the rest of the reference cross-sectional
images other than the certain reference cross-sectional
image and the other reference cross-sectional image. For
example, the MRI apparatus 100 can be configured not to
perform emphasis when the mark 1s not designated.

FIG. 4 1s a diagram for explaining an example of a case
in which the reference cross-sectional 1image 1s emphasized
according to the first embodiment. For example, when the
position of the mark indicating the position of the maitral
valve 1s changed in the left ventricular vertical long-axis
image 81 as illustrated 1n the example of FIG. 3, the MRI
apparatus 100 causes, as 1illustrated 1n the example of FIG.
4, the si1x reference cross-sectional images including the left
ventricular horizontal long-axis 1image 82, the left ventricu-
lar short-axis 1mage 83, the left ventricular 4-chamber
long-axis image 83, the left ventricular 2-chamber long-axis
image 86, the lett ventricular 3-chamber long-axis image 87,
and the right ventricular 4-chamber long-axis image 90 to be
emphasized as compared with the reference cross-sectional
images 81, 84, 88, and 91 to 94 other than the six reference
cross-sectional 1mages. In the example of FIG. 4, as an
example of emphasis, the six reference cross-sectional
images are emphasized with the frames thereof thickened. In
this way, when the mark indicating the position of the
characteristic portion of the target the position of which 1s to
be changed 1s designated in a certain reference cross-
sectional 1image and the position of the designated mark 1s
changed, the MRI apparatus 100 causes the other reference
cross-sectional 1mages to be emphasized the sectional posi-
tion of which 1s changed due to the change of the position
of the characteristic portion indicated by the designated
mark. Accordingly, with the MRI apparatus 100, the user can
casily grasp the reference cross-sectional image the sectional
position of which 1s changed according to the change of the
position of the mark indicating the position of the charac-
teristic portion 1n a certain reference cross-sectional 1mage.
With the MRI apparatus 100, the user thus can easily
perform positioning of the reference cross-sectional 1mage.

When the positioning of the sectional positions of the
reference cross-sectional images displayed on the display
umt 25 1s completed, the MRI apparatus 100 performs
imaging scanning at the changed sectional positions.

Next, the following describes an example of the control
unit 26 according to the embodiment. FIG. 5 1s a functional
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block diagram illustrating an example of the control unit 26
according to the first embodiment. As 1illustrated 1in the
example of FIG. 5, the control unit 26 includes a detection
unit 26a, a generation unit 265, a change unit 26¢, and a
display control unit 264.

The detection unmit 26a acquires, from the storage unit 23,
the multi-slice 1image that 1s collected 1n the preparation
scanning and stored 1n the storage unit 23, and automatically
detects the sectional positions of the reference cross-sec-
tional 1mages from the acquired multi-slice i1mage. For
example, the detection umt 26a detects the respective sec-
tional positions of the reference cross-sectional images of 14
types including the left ventricular vertical long-axis image,
the left ventricular horizontal long-axis image, the left
ventricular short-axis image, the right ventricular short-axis
image, the left ventricular 4-chamber long-axis 1mage, the
left ventricular 2-chamber long-axis image, the left ventricu-
lar 3-chamber long-axis 1image, the left ventricular outtlow
tract 1mage, the aorta valve image, the right ventricular
4-chamber long-axis image, the right ventricular 2-chamber
long-axis image, the right ventricular 3-chamber long-axis
image, the right ventricular outtlow tract image, and the
pulmonary valve image. The detection unit 264 then causes
the automatically-detected sectional positions to be stored in
the storage unit 23. The sectional positions that are auto-
matically detected by the detection unit 264 are the sectional
positions of the cross-sectional images collected i1n the
imaging scanning. Hereinatter, the sectional position that 1s
automatically detected by the detection unit 26a may be
referred to as a “first sectional position™.

The generation unit 265 generates the reference cross-
sectional 1mages corresponding to a plurality of first sec-
tional positions, and causes the display unit 25 to display the
generated reference cross-sectional 1mages. For example,
the generation unit 265 first acquires the multi-slice 1image
and the first sectional positions from the storage unit 23. The
generation unmit 265 then generates, from the multi-slice
image, the reference cross-sectional images corresponding
to the respective first sectional positions through multi-
planar reconstruction (MPR) processing. Hereinafter, the
reference cross-sectional image generated by the generation
unit 260 may be referred to as a “first cross-sectional
image”’. The generation unit 265 then causes the display unit
235 to display the first cross-sectional image. For example, as
illustrated 1in the example of FIG. 2, the generation unit 2656
causes the display unit 25 to display the transverse cross-
sectional image 80 and the first cross-sectional 1images 81 to
94 on which the various marks described above are super-
imposed. The generation unit 265 causes the first cross-
sectional 1mage to be stored 1n the storage unit 23.

When the position of the mark 1s changed by the user in
a certain first cross-sectional image, the change unit 26¢
calculates the sectional position of another first cross-sec-
tional 1image the sectional position of which 1s defined using,
the changed position of the characteristic portion indicated
by the mark the position of which 1s changed. The change
unit 26¢ then causes the calculated sectional position to be
stored 1n the storage unit 23. Heremafter, the sectional
position calculated by the change unit 26¢ may be referred
to as a “second sectional position”.

The display control unit 26d generates the reference
cross-sectional 1mage that corresponds to the second sec-
tional position and 1s emphasized as compared with the other
reference cross-sectional 1mages with the frame thereof
thickened, and causes the display umt 25 to display the
generated reference cross-sectional image. For example, the
display control unit 264 first acquires the multi-slice image
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and the second sectional position from the storage unit 23.
The display control umit 264 then generates, from the
multi-slice 1image, the reference cross-sectional 1image cor-
responding to the second sectional position through the
MPR processing. At this point, the display control unit 264
generates the reference cross-sectional image that 1s empha-
s1ized with the frame thereotf thickened, for example. Here-
inafter, the reference cross-sectional 1mage generated by the
display control unit 264 may be referred to as a *“second
cross-sectional 1mage”. The display control unit 264 then
causes the display umit 25 to display the second cross-
sectional 1image. The display control unit 264 controls the
generated second cross-sectional 1mage to be stored in the
storage unit 23.

Next, the following describes a processing procedure
performed by the MRI apparatus 100 according to the
embodiment. FIG. 6 1s a flowchart 1llustrating the processing
procedure 1n the first embodiment. In the first embodiment,
assumed 1s a test using 14 types of reference cross-sectional
images 1including the left ventricular vertical long-axis
image, the left ventricular horizontal long-axis 1image, the
left ventricular short-axis image, the right ventricular short-
axis 1mage, the left ventricular 4-chamber long-axis image,
the left ventricular 2-chamber long-axis 1mage, the left
ventricular 3-chamber long-axis 1image, the left ventricular
outtlow tract image, the aorta valve image, the right ven-
tricular 4-chamber long-axis 1mage, the right ventricular
2-chamber long-axis image, the right ventricular 3-chamber
long-axis 1image, the right ventricular outflow tract image,
and the pulmonary valve image.

As 1llustrated 1n the example of FIG. 6, the sequence
control unit 10 drives the gradient magnetic field power
supply 3, the transmission unit 7, and the reception unit 9 of
the MRI apparatus 100 to collect the multi-slice image (Step
S1). According to the embodiment, for example, the multi-
slice image includes a plurality of transverse cross-sectional
images. The multi-slice 1mage also includes the heart. The
heart 1s an example of the target portion. While performing,
clectro cardio gram (ECG) synchronization, the sequence
control unit 10 dnives the gradient magnetic field power
supply 3, the transmission unit 7, and the reception unit 9 of
the MRI apparatus 100 so that a collection timing 1s limited
to a diastole phase and the MR data of the multi-slice image
1s collected under breath-holding, for example. To collect the
MR data of the multi-slice image, the sequence control unit
10 uses, for example, 2D {fast field echo (FFE) or 2D
steady-state free precession (SSFP). The sequence control
umit 10 transmits the collected MR data to the image
generation unit 22 via the interface unit 21. When receiving
the MR data, the image generation unit 22 generates the
multi-slice 1mage using the received MR data, and causes
the generated multi-slice image stored 1n the storage unit 23.
The multi-slice 1mage may include a plurality of sagittal
cross-sectional 1mages or coronal cross-sectional 1mages.

Next, the detection umit 26a detects (automatically
detects) the sectional positions (first sectional positions) of
the reference cross-sectional 1images of 14 types described
above (Step S2). The following describes the sectional
position. The sectional position means, for example, a
position representing a plane in a three-dimensional 1image
space, and 1s represented with a plurality of parameters. In
the following description, each of these parameters 1s
referred to as a “position parameter”. As represented by the
following expressions (1) and (2), for example, the position
parameter 1s represented with a center coordinate point o and
two unit vectors u and v orthogonal to each other.
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(1

G:(GII Gy: Gz)

(2)

To detect the sectional position means to obtain the
position parameters o, u, and v. The detection unit 264
causes the position parameters for each of the detected
reference cross-sectional 1mages to be stored in the storage
unit 23. A method of representing the position parameters 1s
not limited to the method described above. For example, the
position parameters may be represented 1n a three-dimen-
sional device space that 1s determined based on the center of
the magnetic field of the MRI apparatus 100, the longitudi-
nal direction of the couch, and the like 1n place of the
three-dimensional 1mage space, or may be represented with
three coordinate points i place of the center coordinate
point and the two unit vectors orthogonal to each other. That
1s, any method can be used so long as the sectional position
1s geometrically and uniquely determined.

For example, the detection unit 264 automatically detects
the position of the characteristic portion 1n the multi-slice
image by performing template matching with the multi-slice
image using templates of surrounding 1mage patterns of the
characteristic portions of the heart such as the mitral valve,
the tricuspid valve, the aorta valve, the pulmonary valve, the
left/right ventricular apex of the heart, the left/right ven-
tricular outtlow tract, and an anterior wall of left/right
ventricle, and calculates the position parameters of the
reference cross-sectional 1mages based on the detected char-
acteristic portions. In this case, the templates as described
above are assumed to be generated 1n advance before the
template matching 1s performed. For example, the sectional
position of the left ventricular 4-chamber long-axis 1mage as
one ol the reference cross-sectional 1mages 1s a plane
passing through the position m of the mitral valve, the
position t of the tricuspid valve, and the position a of the left
ventricular apex of the heart. That 1s, the sectional position
of the left ventricular 4-chamber long-axis image 1s defined
with three positions including the position m of the matral
valve, the position t of the tricuspid valve, and the position
a of the left ventricular apex of the heart. In this case, when
the position m of the mitral valve, the position t of the
tricuspid valve, and the position a of the leit ventricular apex
of the heart are represented by the following expression (3),
the position parameters o, u, and v indicating the sectional
position of the left ventricular 4-chamber long-axis 1mage
can be represented by the following expression (4).

H:(Hx: Hy: Hz) » V:(VI, vy: vz)

(3)

m:(mx:my:mz): I:(rx: Iy:'rz): ﬂ:(ﬂﬂﬂyﬁﬂz)

o=(m+a)/2, v'=a-m, v=v/IV'|, u'=((t-m)xv)xv, u=u’
|247] (4)

In the expression (4), “(t-m)xv” means a cross product of
the vector (t—-m) and the vector v, and “({(t—-m)xv)xv” means
the cross product of the vector ((t-m)xv) and the vector v.

A method of detecting the sectional position of the
reference cross-sectional image 1s not limited to the template
matching. For example, the detection unit 26a may construct
a discriminator 1n advance through machine learning from
the surrounding 1image patterns of the characteristic portions
of the heart, and may automatically detect the positions of
the characteristic portions 1n the multi-slice image using this
discriminator. The detection unit 26a can detect the sectional
position of the reference cross-sectional 1mage by receiving,
the positions of the characteristic portions of the heart input
by the operator via the input unit 24. However, this operation
1s very complicated and time-consuming, so that the method
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of automatically detecting sectional positions of the refer-
ence cross-sectional 1mages 1s typically preferred.

Next, the generation umt 265 acquires the multi-slice
image from the storage unit 23, generates the reference
cross-sectional 1mage (first cross-sectional 1mage) corre-
sponding to each of the first sectional positions from the
multi-slice 1mage through the MPR processing, and causes
the display unit 25 to display the first cross-sectional image
together with the slice image (Step S3). For example, the
generation unit 265 causes the display unit 25 to display the
first cross-sectional images and the slice image on which the
vartous marks are superimposed. The generation unit 265
causes the first cross-sectional 1mage to be stored in the
storage unit 23. That 1s, the generation unit 265 generates the
first cross-sectional i1mages as the localizer 1mages for
setting the sectional position of main 1maging based on the
characteristic portion of the target portion detected from the
three-dimensional data including the target portion. The
generation unit 265 then lists the generated first cross-
sectional images on the display unit 25. The generation unit
26b causes the mark corresponding to the characteristic
portion to be displayed 1n a superimposed manner on at least
one of the first cross-sectional 1mages.

Next, the change unit 26¢ determines whether the user
changes the position of the mark via the input unit 24 (Step
S4). That 1s, the change unit 26¢ determines whether the
setting operation of the sectional position 1s received.

If the change unit 26¢ determines that the user changes the
position of the mark via the mput unit 24 (Yes at Step S4),
that 1s, 1if the change unit 26¢ receives the setting operation
of the sectional position, the change unit 26¢ newly calcu-
lates the sectional position (second sectional position) using
the changed position of the characteristic portion indicated
by the mark the position of which 1s changed, for the
reference cross-sectional 1image the sectional position of
which 1s defined using the position of the characteristic
portion indicated by the mark the position of which 1s
changed (Step S5). For example, the change unit 26¢ cal-
culates a three-dimensional position 1 the three-dimen-
sional 1mage space from the changed two-dimensional posi-
tion of the mark on the reference cross-sectional 1mage on
which the position of the mark 1s changed. The change unit
26¢ then refers to the sectional position definition informa-
tion table 23a, and specifies another reference cross-sec-
tional 1mage the sectional position of which 1s defined using
the position of the characteristic portion indicated by the
mark the position of which i1s changed.

The following describes the sectional position definition
information table 23a. The sectional position definition
information table 23a 1s a table 1n which the reference
cross-sectional 1mage and the characteristic portion that
defines the sectional position of the reference cross-sectional
image are registered in an associated manner. That i1s, the
reference cross-sectional 1image 1s defined to pass through a
plurality of characteristic portions. Alternatively, the refer-
ence cross-sectional 1image 1s defined to pass through points
obtained with the characteristic portions. Alternatively, the
reference cross-sectional image 1s defined to pass through
the points obtained with one characteristic portion and the
other characteristic portion. FIG. 7 1s a diagram 1llustrating
an example of a data structure of the sectional position
definition information table 23a according to the {irst
embodiment. The sectional position definition information
table 23a 1llustrated 1n the example of FIG. 7 includes 1tems
of “ID (Identification)” and “definition parameter”. In the
item of “ID”, identification information indicating the type
of the reference cross-sectional 1mage 1s registered. In the
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item of “defimtion parameter”, registered 1s the character-
1stic portion that defines the sectional position of the refer-
ence cross-sectional image of the type indicated by the
identification mformation registered in the item of “ID”, or
information indicating a conversion expression from the
characteristic portion to the position parameter. The {first
record of the sectional position definition information table
23a 1n the example of FIG. 7 represents that the sectional
position of the left ventricular 4-chamber long-axis 1image
indicated by the identification information “L4CH” 1s
defined with three positions including the position of the
mitral valve, the position of the tricuspid valve, and the
position of the left ventricular apex of the heart.

For example, when the characteristic portion the position
of which 1s indicated by the mark the position of which 1s
changed 1s the mitral valve, the change unit 26¢ refers to the
sectional position definition information table 23a and speci-
fies the record 1n which the mitral valve 1s registered in the
item ol “definition parameter”. The change unit 26¢ then
specifies the identification information registered 1n the item
of “ID” in the specified record. The change unit 26¢ then
specifies the reference cross-sectional image of the type
indicated by the specified identification information to
specily another reference cross-sectional image the sectional
position of which 1s defined using the position of the
characteristic portion indicated by the mark the position of
which 1s changed.

The sectional position definition information table 23a 1s
not limited to a table having the data structure illustrated in
the example of FIG. 7. The sectional position definition
information table 23a may have any data structure so long
as 1nformation associating the reference cross-sectional
image with the characteristic portion that defines the sec-
tional position of the reference cross-sectional 1mage 1s
registered therein.

The change unit 26¢ calculates the changed sectional
position by calculating the changed position parameter using,
the same expression as the expression (4) based on the
calculated three-dimensional position for the reference
cross-sectional 1mage the sectional position of which 1s
defined using the position of the characteristic portion
indicated by the mark the position of which 1s changed.

The following describes a case 1n which, in the example
of FIG. 2, the user changes the position of the mark
indicating the position of the mitral valve in the left ven-
tricular vertical long-axis image 81. In this case, the change
unit 26¢ calculates the three-dimensional position 1 the
three-dimensional space from the two-dimensional position
of the changed mark (the two-dimensional position of the
black quadrangle mark) on the left ventricular vertical
long-axis image 81. The change unit 26c¢ then calculates the
changed sectional position by calculating the changed posi-
tion parameter using the same expression as the expression
(4) for each of the left ventricular horizontal long-axis image
82, the left ventricular short-axis 1mage 83, the left ven-
tricular 4-chamber long-axis 1mage 83, the left ventricular
2-chamber long-axis image 86, the left ventricular 3-cham-
ber long-axis image 87, and the right ventricular 4-chamber
long-axis 1image 90 the sectional positions of which are
defined using the position of the mitral valve indicated by
the mark.

The following describes a case 1n which, 1n the example
of FIG. 2, the user changes the position of the mark
indicating the position of the right ventricular outtlow tract
in the right ventricular 3-chamber long-axis image 92. In this
case, the change unit 26¢ calculates the three-dimensional
position 1n the three-dimensional space from the two-dimen-
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sional position of the changed mark (white triangle mark) on
the right ventricular 3-chamber long-axis image 92. The
change unit 26¢ then calculates the changed sectional posi-
tion by calculating the changed position parameter using the
same expression as the expression (4) for each of the right
ventricular outflow tract image 93 and the pulmonary valve
image 94 the sectional positions of which are defined using
the position of the right ventricular outflow tract indicated
by the mark.

Next, the display control unit 264 generates the reference
cross-sectional 1mage (second cross-sectional 1mage) that
corresponds to the changed sectional position and 1s empha-
s1ized as compared with the other reference cross-sectional
images with the frame thereof thickened, for example, using
the changed sectional position (second sectional position),
and causes the display unit 25 to emphasize the generated
reference cross-sectional 1image (Step S6). Accordingly, the
display control unit 264 can display the generated reference
cross-sectional image 1n an emphasized manner as compared
with the other reference cross-sectional images. For
example, as illustrated 1n the example of FIG. 4, the display
control umt 26d causes the display unit 25 to display six
second cross-sectional 1mages the frames of which are
thickened (the left ventricular horizontal long-axis image 82,
the left ventricular short-axis image 83, the left ventricular
4-chamber long-axis image 85, the left ventricular 2-cham-
ber long-axis i1mage 86, the left ventricular 3-chamber
long-axis 1mage 87, and the right ventricular 4-chamber
long-axis 1image 90). As a result, the six reference cross-
sectional 1mages are displayed 1in an emphasized manner as
compared with the reference cross-sectional images 81, 84,
88, and 91 to 94.

The process of the display control unit 264 then returns to
Step S4. That 1s, while the position of the mark indicating
the position of the characteristic portion 1s being changed
(while a changing operation 1s performed via the mput unit
24), the display control unit 264 controls to emphasize the
reference cross-sectional 1mage. Accordingly, while the
position of the characteristic portion 1s being changed, the
user can easily grasp the reference cross-sectional 1mage the
sectional position of which 1s changed according to the
change of the position of the characteristic portion 1n a
certain reference cross-sectional 1image. The user thus can
casily perform positioning of the reference cross-sectional
image. When the change of the position of the mark 1ndi-
cating the position of the characteristic portion 1s finished,
the display control unit 264 cancels emphasis on the refer-
ence cross-sectional 1image. As described above, while the
position of the mark 1s being changed 1n the setting opera-
tion, the display control unit 264 controls to emphasize the
reference cross-sectional 1image the sectional position of
which 1s defined using the characteristic portion correspond-
ing to the mark among the listed reference cross-sectional
image.

Even when the change of the position of the mark 1s
finished, the display control unit 264 can continue to empha-
s1ze the reference cross-sectional 1mage without canceling
the emphasis on the reference cross-sectional image until the
change unit 26c¢ determines that the user newly changes the
position of the mark indicating the position of the charac-
teristic portion via the input unit 24. That 1s, not only 1n the
period 1n which the position of the mark 1s being changed in
the setting operation but also when the setting operation 1s
finished, the display control unit 264 continues to emphasize
the reference cross-sectional image the sectional position of
which 1s defined using the characteristic portion correspond-
ing to the mark among the listed reference cross-sectional
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images. In this way, by continuing to emphasize the refer-
ence cross-sectional image even aiter the changing operation

1s finished until the next changing operation 1s started, the
user can more thoroughly confirm the changed reference
cross-sectional image as compared with the case in which °
the emphasis on the reference cross-sectional 1mage 1s
canceled at the same time when the change of the position
of the mark 1s finished. The user thus can more easily
perform positioning of the reference cross-sectional 1mage.
In the above example, the emphasis 1s canceled taking an
opportunity when the next changing operation 1s started.
However, the embodiment 1s not limited thereto. The
emphasis may be canceled at any other opportunities. For
example, the emphasis may be canceled when a predeter-
mined time has elapsed after the changing operation 1s
finished.

If 1t 1s determined that the user does not change the
position ol the characteristic portion via the mput unit 24
(No at Step S4), the change unit 26¢ determines whether a ¢
notification that positioning of the sectional position of the
reference cross-sectional image 1s completed (positioning,
completion notification) 1s received from the user via the
input unit 24 (Step S7). If the change unit 26¢ determines
that the positioning completion notification 1s not recerved 25
(No at Step S7), the process returns to Step S4 described
above.

On the other hand, 11 1t 1s determined that the positioning,
completion notification 1s received (Yes at Step S7), the
sequence control unit 10 drives the gradient magnetic field
power supply 3, the transmission unit 7, and the reception
unit 9 of the MRI apparatus 100 to perform 1maging scan-
ning for collecting the cross-sectional images by using the
positioned sectional positions (Step S8), and ends the pro-
cess. That 1s, the sequence control unit 10 performs 1imaging
scanning based on the sectional positions after the setting
operation.

The MRI apparatus 100 according to the first embodiment
has been described above. With the MRI apparatus 100, as 49
described above, the user can easily perform positioning of
the reference cross-sectional 1image.

A method of emphasizing the reference cross-sectional
image 1n the first embodiment 1s not limited to the method
of thickening the frame as illustrated 1n FIG. 4. The refer- 45
ence cross-sectional 1mage as a target of emphasis and the
reference cross-sectional 1mage that i1s not the target of
emphasis may be displayed in different display modes. For
example, the type or color of the frame may be displayed 1n
different display modes. A periphery of the frame of the 50
reference cross-sectional 1image as a target of emphasis may
be shadowed, or reflection of light, luster, gradation, and
chamfering may be applied to the frame of the reference
cross-sectional 1mage as a target of emphasis. The reference
cross-sectional 1mage as a target of emphasis may be high- 55
lighted. The term “highlight” means, for example, a display
method of reversing the background color to be displayed.

To emphasize the reference cross-sectional 1mage as a target
of emphasis also includes a case 1n which the reference cross
section as a target ol emphasis 1s displayed on the display 60
unit 25 and the reference cross section that 1s not the target
of emphasis 1s not displayed on the display unit 25. A
processing to emphasize the reference cross-sectional image
as a target of emphasis also 1icludes a processing to make
the reference cross-sectional 1mage that 1s not the target of 65
emphasis 1conspicuous. For example, the processing to
make the reference cross-sectional image that 1s not the
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target of emphasis inconspicuous includes a processing to
lower contrast of the reference cross-sectional image that 1s
not the target of emphasis.

FIGS. 8 and 9 are diagrams 1llustrating another example
of the method of emphasizing the reference cross-sectional
image according to the first embodiment. For example, as
illustrated 1n the example of FIG. 8, each of the sizes of the
reference cross-sectional 1mages 80, 81, 84, 88, 89, and 91
to 94 that are not the targets of emphasis may be caused to
be smaller than each of the sizes of the reference cross-
sectional 1mages 82, 83, 85 to 87, and 90 as targets of
emphasis. Alternatively, as illustrated 1n the example of FIG.
9, contrast of the reference cross-sectional images 80, 81,
84, 88, 89, and 91 to 94 that are not the targets of emphasis
may be caused to be lower than the contrast of the reference
cross-sectional images 82, 83, 85 to 87, and 90 as the targets
ol emphasis.

First Modification of First Embodiment

In the MRI apparatus 100 according to the first embodi-
ment described above, the second cross-sectional 1mage 1s
emphasized while the position of the mark indicating the
position of the characteristic portion 1s being changed.
However, the second cross-sectional image may be continu-
ously emphasized until the positioning completion notifica-
tion 1s received even alter the position of the mark 1s
changed. Such an embodiment will be described as a first
modification of the first embodiment.

In the MRI apparatus according to the first embodiment,
processing 1n a case 1 which the process returns to Step S4
from Step S6 1s diflerent from that of the MRI apparatus 100
according to the first embodiment. For this reason, the
following describes an example of the processing in a case
in which the process returns to Step S4 from Step S6 1n the
MRI apparatus according to the first modification with
reference to FIGS. 10 and 11. For example, when the process
returns to Step S4 from Step S6, the emphasized reference
cross-sectional 1mage (second cross-sectional image) 1s
present on the display unit 25.

The following describes a case in which the emphasized
reference cross-sectional images 82, 83, 85 to 87, and 90 are
present as illustrated 1n the example of FIG. 4. The example
of FIG. 4 represents a case 1 which the reference cross-
sectional 1mages 82, 83, 85 to 87, and 90 are emphasized
because the position of the mark indicating the position of
the mitral valve 1s changed 1n the reference cross-sectional
image 81. In such a case, for example, when the position of
the mark 1ndicating the position of the characteristic portion
of the reference cross-sectional 1mage 82 1s changed, 1t 1s
determined that the position of the mark indicating the
position of the characteristic portion 1s changed at Step S4,
and the process proceeds to Step S5 and Step S6 again. In
the MRI apparatus according to the first modification, the
reference cross-sectional images that have been emphasized
continue to be emphasized at Step S5 and Step S6. That 1s,
in the MRI apparatus according to the first modification, the
display control unmit 264 continues to emphasize the refer-
ence cross-sectional 1mages that have already been empha-
s1ized even after the position of the characteristic portion 1s
changed. With the MRI apparatus according to the first
modification, the user thus can take time to grasp the
reference cross-sectional 1image the sectional position of
which 1s changed according to the change of the position of
the characteristic portion 1n a certain reference cross-sec-
tional 1mage after the operation for changing the character-
1stic portion 1s finished. Accordingly, with the MRI appara-
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tus according to the first modification, the user can more
casily perform positioning of the reference cross-sectional
1mage.

The change unit 26¢c may cause the position parameters
before and after the position of the characteristic portion 1s
changed to be stored 1n the storage unit 23, and the display
control unit 264 may acquire the position parameters stored
in the storage unit 23 before and after the position of the
characteristic portion 1s changed, and may generate and
display the reference cross-sectional images before and after
the position of the characteristic portion 1s changed using the
acquired position parameters. This configuration can cause
the user to confirm the reference cross-sectional 1mages
before and after the position of the characteristic portion 1s
changed. Accordingly, for example, the user can determine
whether the position of the characteristic portion has been
successiully corrected.

When the type of the characteristic portion of the refer-
ence cross-sectional image 82 the position of which 1s
indicated by the black quadrangle mark the position of
which 1s changed 1s the mitral valve, requirement for con-
tinuing to emphasize the reference cross-sectional 1mage 82
1s considered to be low because the position of the maitral
valve 1n the reference cross-sectional image 82 1s completely
corrected. For this reason, at Step S6, the display control unit
26d cancels emphasis on the reference cross-sectional image
82 as illustrated in FIG. 10. That 1s, at Step S6, when the
position of the black quadrangle mark 1S changed in the
emphasized reference cross-sectional 1 image 82 among the
emphasized reference cross-sectional images 82, 83, 85 to
87, and 90 on the display umt 25, the display control unit
26d cancels emphasis on the reference cross-sectional image
82 when the type of the characteristic portion the position of
which 1s indicated by the black quadrangle mark 1s the same
as the type of the characteristic portion the position of which
1s indicated by the black quadrangle mark the position of
which has already been changed 1n another reference cross-
sectional 1mage 81 other than the reference cross-sectional
image 82. That 1s, when the mark corresponding to the maitral
valve 1s selected 1n the setting operation 1n the emphasized
reference cross-sectional image on the display unit 25, the
display control unit 264 cancels emphasis on the emphasized
reference cross-sectional image when the position of the
mark corresponding to the mitral valve has already been
changed in another emphasized reference cross-sectional
image other than the emphasized reference cross-sectional
image. In this way, emphasis on the reference cross-sec-
tional image 82 1s canceled because the position of the mitral
valve 1s completely corrected and the requirement for con-
tinuing to be emphasized 1s considered to be low, and the
reference cross-sectional 1mages 83, 85 to 87, and 90 are
continued to be emphasized because the position of the
mitral valve 1s not completely corrected and the requirement
for continuing to be emphasized 1s considered to be high.
Accordingly, appropriate emphasis can be performed. FIG.
10 1s a diagram for explaining an example of processing
performed by the display control unit 264 when the process
returns to Step S6 again in the first modification of the first
embodiment.

On the other hand, when the type of the characteristic
portion of the reference cross-sectional image 82 the posi-
tion of which 1s indicated by the black star mark the position
of which 1s changed 1s the leit ventricular apex of the heart,
the position of the mitral valve in the reference cross-
sectional 1mage 82 1s not completely corrected, so that the
requirement for continuing to emphasize the reference cross-
sectional 1image 82 1s considered to be high. For this reason,
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at Step S6, the display control unmit 264 does not cancel
emphasis on the reference cross-sectional image 82 as
illustrated 1n FIG. 11. Accordingly, the reference cross-
sectional 1mage 82 continues to be emphasized until the
position of the mitral valve 1s corrected. The user thus can
take time to grasp the reference cross-sectional image the
sectional position of which i1s changed according to the
change of the position of the mark 1n a certain reference
cross-sectional 1image after the operation of changing the
position of the mark 1s ended. The reference cross-sectional
images 82, 83, 85 to 87, and 90 continue to be emphasized
because the position of the mitral valve 1s not completely
corrected and the requirement for continuing to be empha-
sized 1s considered to be high. Accordingly, appropnate
emphasis can be performed. FIG. 11 1s a diagram {for
explaining an example of the processing performed by the
display control unit 264 when the process returns to Step S6
again 1n the first modification of the first embodiment.

When the type of the characteristic portion the position of
which 1s indicated by the black star mark the position of
which 1s changed 1n the reference cross-sectional image 82
1s the left ventricular apex of the heart, at Step S6, the
display control unit 264 controls to emphasize the reference
cross-sectional 1images 81, 83, and 85 to 87 the sectional
positions of which are defined based on the position of the
left ventricular apex of the heart in a display mode difierent
from that of the reference cross-sectional images 82, 83, 85
to 87, and 90 that have been already emphasized. For
example, as illustrated 1n FIG. 11, the display control unit
26d controls to display the reference cross-sectional images
81, 83, and 85 to 87 to which shaded frames are newly
provided. That 1s, when the position of the black star mark
1s changed in the emphasized reference cross-sectional
image 82 among the emphasized reference cross-sectional
images 82, 83, 85 to 87, and 90 on the display unit 25, and
the type of the characteristic portion the position of which 1s
indicated by the mark the position of which i1s changed 1is
different from the type of the characteristic portion the
position of which 1s indicated by the black quadrangle mark
the position of which has already been changed in another
reference cross-sectional image 81 other than the reference
cross-sectional 1mage 82, at Step S6, the display control unit
26d controls to emphasize the reference cross-sectional
images 81, 83, and 85 to 87 the sectional positions of which
are defined using the position of the characteristic portion
changed 1n the reference cross-sectional image 82 as com-
pared with the reference cross-sectional images 82, 84, and
88 to 94 other than the reference cross-sectional images 81,
83, and 85 to 87. When the mark corresponding to the left
ventricular apex of the heart 1s selected in the setting
operation 1n the emphasized reference cross-sectional image
on the display umt 25, and the position of the mark corre-
sponding to the left ventricular apex of the heart 1s not
changed in another emphasized reference cross-sectional
image other than the emphasized reference cross-sectional
image, the display control unit 264 controls to emphasize the
other reference cross-sectional 1mages the sectional position
of which 1s defined using the position of the left ventricular
apex of the heart. In this way, the display control unit 264
controls to display, in different modes, the reference cross-
sectional image emphasized when the mark 1s selected 1n the
first setting operation and the reference cross-sectional
image emphasized when the mark 1s selected in the second
setting operation different from the first setting operation.

Second Modification of First Embodiment

In the first embodiment, described 1s a case in which,
when the mark 1s designated 1n a certain reference cross-
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sectional 1mage and the position of the designated mark 1s
changed, the MRI apparatus 100 causes the reference cross-
sectional 1image to be emphasized. However, the MRI appa-
ratus can also cause a certain reference cross-sectional
image to be emphasized when the mark 1s designated in the
reference cross-sectional 1image. Such an embodiment will
be described as a second modification of the first embodi-
ment.

For example, 1n the second modification, the change unit
26¢ determines whether the user designates the characteris-
tic portion via the mput unit 24. For example, when the
pointer 24a 1s overlapped with the characteristic portion (or
the mark), the change unit 26¢ determines that the charac-
teristic portion (or the characteristic portion the position of
which 1s indicated by the mark) 1s designated. The change
unit 26¢ then refers to the sectional position definition
information table 23a, and specifies the reference cross-
sectional 1image the sectional position of which 1s defined
using the position of the designated characteristic portion.

The display control unit 264 then controls to emphasize
the reference cross-sectional 1image specified by the change
unit 26¢ as compared with the reference cross-sectional
images other than the specified reference cross-sectional
image.

For example, 1in the example of FIG. 2, when the mitral
valve 1n the left ventricular vertical long-axis 1image 81 1s
designated, the change unit 26¢ refers to the sectional
position definition mformation table 23a, and specifies six
reference cross-sectional images including the left ventricu-
lar horizontal long-axis 1mage 82, the leit ventricular short-
axis 1mage 83, the left ventricular 4-chamber long-axis
image 85, the left ventricular 2-chamber long-axis image 86,
the left ventricular 3-chamber long-axis image 87, and the
right ventricular 4-chamber long-axis image 90 the sectional
positions of which are defined using the position of the
designated mitral valve. As 1llustrated 1n FI1G. 12, the display
control unit 264 then controls to emphasize the specified six
reference cross-sectional images as compared with the ref-
erence cross-sectional images 81, 84, 88, and 91 to 94 other
than the specified six reference cross-sectional images. FIG.
12 1s a diagram for explaining an example of processing
performed by the MRI apparatus according to the second
modification of the first embodiment. In this way, before the
position of the characteristic portion 1s changed, the display
control unit 264 controls to emphasize the reference cross-
sectional 1mage the sectional position of which 1s defined
using the position of the designated characteristic portion as
compared with the other reference cross-sectional images.
With the MRI apparatus according to the second modifica-
tion, the user thus can grasp, before the position of a certain
characteristic portion i1s changed, the reference cross-sec-
tional 1mage the sectional position of which is to be changed
i the position of the characteristic portion 1s changed.
Accordingly, with the MRI apparatus according to the
second modification, the user can more easily perform
positioning of the reference cross-sectional image. In the
second modification, described 1s the example 1 which
emphasis 1s performed when the characteristic portion 1s
designated (example 1n which emphasis 1s canceled when
the position of the mark indicating the characteristic portion
1s started to be changed). However, the embodiment 1s not
limited thereto. The position of the mark 1s started to be
changed after the characteristic portion 1s designated, and
the various embodiments described above may be combined

for emphasis thereatter.

Second Embodiment

In the first embodiment, described 1s a case of emphasiz-
ing the reference cross-sectional images as targets of empha-
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s1s 1n the same degree. However, the MRI apparatus may
also cause the reference cross-sectional 1images to be empha-
s1zed as targets ol emphasis 1 a plurality of degrees. Such
an embodiment will be described as a second embodiment.

In the second embodiment, for example, when the posi-
tion of the characteristic portion 1s changed 1 a certain
reference cross-sectional 1mage, the display control unit 264
first calculates a degree of change of the sectional position
due to the change of the position of the characteristic portion
for another reference cross-sectional image the sectional
position of which 1s defined using the characteristic portion
the position of which 1s changed.

For example, the following describes a case 1n which the
user changes the position of the mitral valve in the left
ventricular vertical long-axis 1mage 81 in the example of
FIG. 2. In this case, the display control unit 264 calculates
the degree of change of the sectional position due to the
change of the position of the mitral valve for each of the six
reference cross-sectional images including the left ventricu-
lar horizontal long-axis 1mage 82, the leit ventricular short-
axis 1mage 83, the left ventricular 4-chamber long-axis
image 83, the left ventricular 2-chamber long-axis image 86,
the left ventricular 3-chamber long-axis 1image 87, and the
right ventricular 4-chamber long-axis image 90 the sectional
positions ol which are defined using the position of the
mitral valve.

The following describes an example of a method of
calculating the degree of change of the sectional position
due to the change of the position of the mitral valve for each
of the six reference cross-sectional images. For example, the
display control unit 264 calculates an angle between a
motion vector ol the mitral valve due to the change of the
position and a normal vector of each of the six reference
cross-sectional images. The normal vector of each of the six
reference cross-sectional 1mages 1s calculated as the cross
product of the two unit vectors u and v orthogonal to each
other. In this case, as the calculated angle comes close to 90
degrees, the degree of change of the sectional position due
to the change of the position of the mitral valve 1s reduced.
When the calculated angle 1s equal to or larger than (90-a)
degrees and equal to or smaller than (90+a) degrees, the
sectional position 1s considered to be not much changed, so
that the display control unit 264 controls to emphasize the
reference cross-sectional 1mage 1n a predetermined small
degree. On the other hand, when the calculated angle is
smaller than (90-a.) degrees or larger than (90+a) degrees,
the sectional position 1s considered to be much changed, so
that the display control unit 264 controls to emphasize the
reference cross-sectional image 1 a predetermined large
degree.

FIG. 13 1s a diagram for explamning an example of
processing performed by the MRI apparatus according to the
second embodiment. For example, the display control unit
26d controls to emphasize the reference cross-sectional
images 82, 83, 85, 87, and 90 the calculated angle of which
1s smaller than (90-q.) degrees or larger than (90+¢.) degrees
so that the thickness of the frame thereof 1s a first predeter-
mined value as illustrated in the example of FIG. 13. The
user can set an arbitrary value to a. As illustrated in the
example of FIG. 13, the display control unit 264 controls to
emphasize the reference cross-sectional image 86 the cal-
culated angle of which 1s equal to or larger than (90-a)
degrees and equal to or smaller than (90+¢.) degrees so that
the thickness of the frame thereof 1s a second predetermined
value that 1s smaller than the first predetermined value. A
method of changing the degree of emphasis 1s not limited
thereto. For example, the degree of emphasis may be con-
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tinuously changed using a difference between the calculated
angle and 90 degrees as a parameter. Alternatively, a color

to be emphasized may be changed depending on the degree.
In this way, 1n the MRI apparatus according to the second
embodiment, the display control unit 264 controls to empha-
s1ze the other reference cross-sectional images the sectional
positions of which are defined using the characteristic por-
tion the position of which 1s changed 1n a degree corre-
sponding to the degree of change of the sectional position.
That 1s, mn the MRI apparatus according to the second
embodiment, when the position of the mark 1s changed 1n the
setting operation, the display control unit 264 calculates the
degree of change of the sectional position 1n the reference
cross-sectional 1mage the sectional position of which 1s
defined using the characteristic portion corresponding to the
mark, and controls to emphasize the reference cross-sec-
tional 1mage 1n a degree corresponding to the calculated
degree of change. With the MRI apparatus according to the
second embodiment, the user thus can easily grasp the
reference cross-sectional image the sectional position of
which 1s changed according to the change of the position of
the characteristic portion 1n a certain reference cross-sec-
tional 1image, and can also easily grasp the degree of change
in display of the reference cross section the sectional posi-
tion of which 1s changed. Accordingly, with the MRI appa-
ratus according to the second embodiment, the user can
more easily perform positioning of the reference cross-
sectional 1mage.

Third Embodiment

The MRI apparatus can {ix the sectional position of a
certain reference cross-sectional image. That 15, the MRI
apparatus can prevent the sectional position of a certain
reference cross-sectional image from being changed irre-
spective of the change of the characteristic portion of
another reference cross-sectional image. Due to this, the
reference cross sectional position that 1s already within a
permissible range 1s fixed and excluded, so that the number
ol cross sections to be confirmed 1n a subsequent correction
operation can be reduced, which reduces a burden on the
operator. Such an embodiment will be described as a third
embodiment.

In the MRI apparatus according to the third embodiment,
when a plurality of reference cross-sectional images are
displayed on the display unit 25 by the generation unit 2656
and the like, the user inputs, via the input unit 24, an
instruction to {ix the sectional position of at least one of the
displayed reference cross-sectional images. The display con-
trol umt 264 then controls to emphasize the reference
cross-sectional 1image the sectional position of which 1s fixed
indicated by the input instruction as compared with the other
reference cross-sectional 1mages.

FIG. 14 1s a diagram for explaining an example of
processing performed by the MRI apparatus according to the
third embodiment. For example, when the instruction to fix
the sectional position of the reference cross-sectional 1image
81 1s mput, the display control unit 264 superimposes an
image 246 representing a pin on the reference cross-sec-
tional 1image 81 to emphasize the reference cross-sectional
image 81 as compared with the reference cross-sectional
images 82 to 94. The method of emphasis 1s not limited to
the method of superimposing the 1mage representing a pin
on the reference cross-sectional image. The method of
emphasis 1s optional. For example, it 1s eflective to collect
only 1mages representing a pin as a layout using another
window because the reference cross section the position of
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which 1s fixed and the other reference cross sections can be
casily confirmed and movement of a visual point 1s reduced,

which reduces the burden on the operator.

Even when the position of the characteristic portion such
as the mitral valve and the left ventricular apex of the heart
that defines the sectional position of the reference cross-
sectional 1mage 81 i1s changed in the reference cross-sec-
tional 1images 82 to 94 other than the reference cross-
sectional 1mage 81, the display control unit 264 does not
change the sectional position of the reference cross-sectional
image 81. That 1s, when the instruction to fix the sectional
position of at least one of the listed reference cross-sectional
images 1s 1mput in the setting operation, the display control
umt 264 controls to emphasize the at least one of the
reference cross-sectional images. Even when the position of
the mark corresponding to the characteristic portion that
defines the sectional position of the at least one of the
reference cross-sectional images 1s changed in the setting
operation, the display control unit 264 does not change the
sectional position of the at least one of the reference cross-
sectional 1mages. In this way, with the MRI apparatus
according to the third embodiment, the user can fix the
sectional position of a certain reference cross-sectional
image. Accordingly, with the MRI apparatus according to
the third embodiment, the user can more easily perform
positioning of the reference cross-sectional 1mage.

Other Embodiments

The embodiment 1s not limited to the first to the third
embodiments described above.

Target Portion

In the first to the third embodiments described above, the
“heart” 1s exemplified as the target portion. However, the
embodiment 1s not limited thereto. For example, the embodi-
ment can be similarly applied to a case of testing other target
portions such as a “brain”, joints including a “shoulder” and
a “knee”, internal organs other than the heart, and various
circulatory organs.

For example, when the “knee” 1s set to be the target
portion, a coronal cross section of the knee 1s set based on
positions of two characteristic points that are back side
edges of a medial condyle and a lateral condyle of femur.
FIGS. 15 to 17 are diagrams for explaining an example of a
method of setting various reference cross sections when the
“knee” 1s set to be the target portion 1n the embodiment. For
example, as 1llustrated 1n FI1G. 135, a reference line connect-
ing the two characteristic points 1s set. Subsequently, as
illustrated 1in FIG. 16, a coronal cross section 1s set to be
parallel with the reference line and parallel with the head-
foot direction.

A cross section along an anterior cruciate ligament 1s set
based on the reference line. For example, as illustrated in
FIG. 17, the reference line 1s rotated by 90 degrees about a
head-foot axis, a reference axis 1s rotated by an angle of
about 15 degrees, and a section 1including the reference axis
that 1s parallel with the head-foot direction 1s set to be the
section along the anterior cruciate ligament.

Crossing Line

In the first to the third embodiments described above,
described 1s a case of emphasizing the reference cross-
sectional image when the characteristic portion 1s designated
or the position of the characteristic portion i1s changed.
However, the embodiment 1s not limited thereto. For
example, the MRI apparatus can cause the reference cross-
sectional 1mage to be emphasized when the crossing line 1s
designated or the position of the crossing line 1s changed.
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Similarly to a case of designating the characteristic por-
tion by designating the mark indicating the position of the
characteristic portion and a case of changing the position of
the characteristic portion by changing the position of the
mark indicating the position of the characteristic portion, the
user can designate the crossing line by designating the mark
of the crossing line, or can change the position of the
crossing line by changing the position of the mark of the
crossing line.

For example, when the crossing line at which the sectional
position of a certain reference cross-sectional 1image crosses
the sectional position of another reference cross-sectional
image 1s designated in the former reference cross-sectional
image, the display control unit 264 controls to emphasize the
other reference cross-sectional 1mage as compared with the
reference cross-sectional images other than the other refer-
ence cross-sectional image. FIG. 18 1s a diagram for explain-
ing an example of a case i which the reference cross-
sectional 1mage 1s emphasized when the crossing line
according to the embodiment 1s designated.

As 1llustrated in the example of FIG. 18, in the left
ventricular vertical long-axis 1mage 81, displayed are two
types of lines including a long axis connecting the mitral
valve with the left ventricular apex of the heart and the
crossing line with respect to the left ventricular short-axis
image. When a crossing line position of the long axis is
corrected, the positions of the mitral valve and the left
ventricular apex of the heart are corrected at the same time,
and a related sectional position 1s changed. When the
crossing line with respect to the left ventricular short-axis
image 1s corrected, the sectional position of the left ven-
tricular short-axis image 83 1s changed.

In the example of FIG. 18, when the crossing line with
respect to the lett ventricular short-axis image 83 on the left
ventricular vertical long-axis image 81 1s designated, the left
ventricular short-axis image 83 1s emphasized as compared
with the other reference cross-sectional images 81, 82, and
84 and 94. Accordingly, the user can easily grasp, before the
position of the crossing line 1s actually changed, the refer-
ence cross-sectional 1image the sectional position of which 1s
changed according to the change of the position of the
crossing line 1n a certain reference cross-sectional image.
The user thus can easily perform positioning of the reference
cross-sectional 1mage.

Similarly, when the position of the crossing line at which
the sectional position of a certain reference cross-sectional
image crosses the sectional position of another reference
cross-sectional 1mage 1s changed in the former reference
cross-sectional 1mage, the display control unit 264 can
control to emphasize the other reference cross-sectional
image as compared with the reference cross-sectional
images other than the other reference cross-sectional 1mage.
That 1s, when the crossing line at which the sectional
position of one of the listed reference cross-sectional 1images
crosses the sectional position of the other reference cross-
sectional 1mage 1s selected in the setting operation, the
display control unit 264 controls to emphasize the other
reference cross-sectional image described above.

Types of Reference Cross-Sectional Images

In the first to the third embodiments described above, 14

types of reference cross-sectional 1images are assumed to be
used in the test. However, the embodiment 1s not limited
thereto. Other various types of reference cross-sectional
images may be used.
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With the magnetic resonance 1maging apparatus accord-
ing to at least one of the embodiments described above, the
user can easily perform positioning of the reference cross-
sectional 1mage.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the mventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the mventions.

What 1s claimed 1s:

1. A magnetic resonance 1maging apparatus comprising:

processing circuitry configured to

generate a plurality of cross-sectional 1mages for set-
ting a sectional position to be collected 1n main
imaging based on a characteristic portion of a target
detected 1n three-dimensional data,

list the cross-sectional 1images on a display and super-
impose a mark corresponding to the characteristic
portion on at least one of the cross-sectional 1mages,

receive a setting operation to determine the sectional
position,

cause, when the mark 1s selected in the setting opera-
tion, a cross-sectional 1mage among the listed cross-
sectional 1mages to be emphasized, a sectional posi-
tion of the cross-sectional 1image being defined using
the characteristic portion corresponding to the mark,
and

perform main 1maging based on the sectional position
after the setting operation, wherein

when the position of the mark 1s changed in the setting

operation, the processing circuitry calculates an angle
using the characteristic portion corresponding to the
mark, the angle being an angle between a vector
corresponding to a change of the position and a normal
vector of the cross-sectional 1mage, and the processing
circuitry causes the cross-sectional image to be empha-
sized 1n a degree corresponding to the calculated angle.

2. The apparatus according to claim 1, wherein, while the
position of the mark 1s being changed 1n the setting opera-
tion, the processing circuitry causes the cross-sectional
image to be emphasized the sectional position of which 1s
defined using the characteristic portion corresponding to the
mark among the listed cross-sectional images.

3. The apparatus according to claim 1, wherein the
processing circuitry continues to cause the cross-sectional
image to be emphasized the sectional position of which 1s
defined using the characteristic portion corresponding to the
mark among the listed cross-sectional 1images even atter the
setting operation 1s finished in addition to a period 1n which
the position of the mark 1s being changed in the setting
operation.

4. The apparatus according to claim 3, wherein, when the
mark corresponding to a first the characteristic portion 1s
selected 1n the setting operation in the emphasized cross-
sectional 1mage on the display and the position of the mark
corresponding to the first characteristic portion has already
been changed 1n another emphasized cross-sectional 1image
other than the former emphasized cross-sectional 1mage, the
processing circuitry cancels emphasis on the emphasized
cross-sectional 1mage.
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5. The apparatus according to claim 3, wherein, when the
mark corresponding to the characteristic portion 1s selected
in the setting operation in the emphasized cross-sectional
image on the display and the position of the mark corre-
sponding to the characteristic portion 1s not changed 1in
another emphasized cross-sectional image other than the
former emphasized cross-sectional 1image, the processing
circuitry causes another cross-sectional image to be empha-
s1zed the sectional position of which 1s defined using the
position of the characteristic portion.

6. The apparatus according to claim 1, wherein, when the
characteristic portion related to the target 1s selected 1n the
setting operation, the processing circuitry causes the cross-
sectional 1mage to be emphasized the sectional position of
which 1s defined using the characteristic portion among the
listed cross-sectional images.

7. The apparatus according to claim 1, wherein

the processing circuitry

superimposes information indicating a position of the
characteristic portion on at least one of the listed
cross-sectional 1mages, and

causes another cross-sectional 1mage to be emphasized
the sectional position of which 1s defined with the
information when the information 1s changed 1n the
setting operation.

8. The apparatus according to claim 1, wherein, when an
instruction to fix the sectional position of at least one of the
listed cross-sectional images 1s input 1n the setting operation,
the processing circuitry causes the at least one of the
cross-sectional 1mages to be emphasized, and does not
change the sectional position of the at least one cross-
sectional 1mage even when the position of the mark corre-
sponding to the characteristic portion that defines the sec-
tional position of the at least one cross-sectional 1mage 1s
changed 1n the setting operation 1n a cross-sectional 1image
other than the at least one cross-sectional 1mage.
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9. The apparatus according to claim 1, wherein the
processing circuitry causes the cross-sectional image
emphasized when the mark 1s selected 1 a first setting
operation and the cross-sectional 1mage emphasized when
the mark 1s selected 1n a second setting operation different
from the first setting operation to be displayed in different
modes.

10. An medical image processing method comprising;:

generating a plurality of cross-sectional images for setting

a sectional position to be collected 1n main 1maging
based on a characteristic portion of a target detected 1n
three-dimensional data;
l1sting the cross-sectional 1images on a display and super-
imposing a mark corresponding to the characteristic
portion on at least one of the cross-sectional 1mages;

recerving a setting operation to determine the sectional
position;
causing, when the mark 1s selected in the setting opera-
tion, a cross-sectional 1mage to be emphasized a sec-
tional position of which 1s defined using the character-
1stic portion corresponding to the mark among the
listed cross-sectional 1images; and
performing main 1maging based on the sectional position
after the setting operation, wherein the method com-
Prises:

when the position of the mark 1s changed in the setting
operation, calculating an angle using the characteristic
portion corresponding to the mark, the angle being an
angle between a vector corresponding to a change of
the position and a normal vector of the cross-sectional
image, and

causing the cross-sectional image to be emphasized 1n a

degree corresponding to the calculated angle.
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